QCD sum rules are derived for the heavy hybrid mesons with one heavy quark and J P C = 1 −+ , 0 ++ , 1 +− , 0 −− in the leading order of heavy quark effective theory. We obatin the binding energy Λ H = (1.1 ± 0.1), (1.51 ± 0.10), (1.28 ± 0.10), (1.5 ± 0.1) GeV and decay constant f H = (0.205 ± 0.02), (0.415 ± 0.04), (0.217 ± 0.02), (0.317 ± 0.03)GeV 7 2 for 1 −+ , 0 ++ , 1 +− , 0 −− respectively when the light quark is up or down quark. In all the four channels the binding energy is 0.13 GeV larger when the light quark is strange quark.
Introduction
From quark model we know that ameson with orbital angular momentum l and total spin s must have P = (−1) l+1 and C = (−1) l+s . Thus a resonance with J P C = 0 −− , 0 +− , 1 −+ , 2 +− , · · · must be exotic. Such a state could be a gluonic excitation such as hybrids, glueballs or multiquark states. Very recently there appears experimental evidence for a J P C = 1 −+ exotic [1, 2, 3, 4, 5] . The emergence of evidence for hybrids indicates the presence of dynamical glue in QCD.
The traditional theoretical approach to the gluonic excitations in mesons falls into two classes: the string or flux tube model and the constituent glue model with the glue confined by a bag or potential. However these models very probably do not accurately represent soft gluon degrees of freedom [6] .
QCD sum rule (QSR) starts from the first principle like the lattice gauge theory and incorporates the nonperturbative effects via various condensates in QCD vacuum. It has proven successful in extracting low-lying hadron masses and decay widths [7] . Several collaborations [8] - [10] have studied the masses of light 1 −+ and 0 −− hybrids with QCD sum rules. Their results suggested the light 1 −+ hybrid lying between 1GeV ∼ 1.7GeV. On the other hand, remarkable progress has been made in understanding the physics of heavy mesons composed of a heavy quark and a light quark with the discovery of heavy quark effective theory (HQET) [11] , which provides a systematic expansion of QCD in terms of 1/m Q , where m Q is the heavy quark mass. The spectrum of the ground state heavy meson has been studied with the QCD sum rules in HQET in [12] . Recently the spectrum of the doublets (0 + , 1 + ) and (1 + , 2 + ) were calculated with QCD sum rules (QSR) up to the order of O(1/m Q ) in the framework of HQET [13, 14] . The pionic couplings, one-pion and two-pion decay widths of heavy hadrons were derived [14, 15] with the light cone QSR technique [16] .
In this work we shall calculate the masses of the hybrid mesons (Qqg) with q = u, d, s and one heavy quark in the well-founded framework of HQET. As we show later, the inherent difficulty of QCD sum rules approach in the extraction of light hybrid meson masses disappears for the heavy-light hybrid system, especially when the heavy quark mass is seperated out in HQET. Such new feature ensures a rather reliable calculation of the hybrid binding energy at least in the leading order of HQET. Section 1 is an introduction. In the next section we derive QCD sum rules for the heavy hybrid mesons. The numerical analysis is presented in section 3. The last section is a short summary.
2 QCD sum rules for the heavy hybrid mesons
Heavy quark effective theory
The effective Lagrangian of the HQET, up to order 1/m Q , is
where h v (x) is the velocity-dependent field related to the original heavy-quark field Q(x) by
v µ is the heavy hadron velocity. K is the kinetic operator defined as
where
µ is the gauge-covariant derivative, and S is the chromomagnetic operator
The derivation of the sum rules
The interpolating current for the J P C = 1 −+ , 0 ++ heavy hybrid mesons in HQET reads
and for the
We consider the correlators
with ω = k · v. The imaginary parts of Π 1 , Π 2 , Π 3 , Π 4 receive contributions from the 
where ρ(s) is the spectral density in the limit m Q → ∞. At the phenomenological side
In order to suppress the continuum and higher excited states contribution we make Borel transformation with the variable ω to (13) . We have
where s 0 is the continuum threshold. Starting from s 0 we have modeled the phenomenological spectral density with the parton-like ones including both the perturbative term and various condensates. We need the spectral density ρ i (s) at the quark level It is of high order in α s so it can be omitted safely. Recall in the QCD sum rule analysis of the light hybrid meson masses, the four quark condensate plays a cruicial role [9] . Up to now there exists no reliable way to estimate its value. Two approaches are commonly used to deal with this problem. One is to invoke the vacuum saturation hypothesis [7] and use the factorization approximation. The other is to scale the value derived from the vacuum saturation hypothesis by a number. In [9] a factor two is used to estimate the four quark condensate value, which introduces large uncertainty. In contrast, in the framework of HQET, the dominant nonperturbative corrections in the QSR analysis of heavy hybrid meson masses are due to the quark condensate and gluon condensate, which have been determined rather precisely.
In the calculation we need the following formulas for the gluon condensates.
where d abc , f abc are the symmetric and anti-symmetric SU(3) color group structure constants. The heavy quark propogator has a simple form in coordinate space.
It's convenient to calculate the Feynman diagrams directly in coordinate space. Then we perform Wick rotation and make Borel transformation with the variable ω using the Borel transformation formulaB
As a last step we make a second Borel transformation to Π i (T ) with respect to τ = 1 T to get the spectral density,
Finally we get We take tiny up and down quark mass to be zero. The quark and gluon condensates adpots the standard values ūu = −(0.225 GeV) 3 ,
The value of the triple gluon condensate is not well known. In fact several values exist in literature. We use [7] 
which is smaller than the value 0.06 − 0.1 GeV 6 in [17] and a even larger value 0.4 GeV 6 from the "instanton liquid" approach to the QCD vacuum [8] . Later we will enlarge (27) by a factor of ten to see the uncertainty from this source. There are two commonly used methods to extract the masses, the derivative method and the fitting method. The derivative method is to apply the operator However, the fitting method may yield more reliable in some cases, especially when the interpolating current is of higher dimension. Note the perturbative term of the spectral density in the present case is propotional to s 6 with the interpolating currents (5) and (6). If we use the derivative method, for example, we get
The perturbative term in the numerator is propotional to s 7 . Even after clean subtraction of the continuum, the final result depends on the continuum threshold s 0 strongly. We shall use the fitting method below.
Starting from T > 0.8GeV the absolute value of the sum of the power corrections is less than 35% of the leading perturbative term with continuum subtracted. The triple gluon condensate is typically less than 0.5% of the leading term with the value in (27). So the series of the operator expansion converge fast.
Numerically we have for H 1
With the central values of these parameters the left hand side and right hand side of the sum rule agree within one percent in the region 0.5 < T < 2.1GeV as can be seen from  FIG. 2 . Correspondingly, the quark, gluon and triple gluon condensate is about 19%, 15% and 0.4% of the leading perturbative term. We have kept four active flavors and let Λ QCD = 220 MeV. Varying Λ QCD from 220MeV to 300MeV the final result changes within 5%. in our numerical analysis.
Similarly we have plotted the fitting lines and the curves of the right hand side of Eq. (15) for H 2 , H 3 , H 4 in FIG. 3, 4 , 5. In the working region of the Borel parameter T , the fitting accuracy is bether than 1%.
For H 2 we have
We shall use ss = 0.8 ūu , m s = 150 MeV and follow the same analysis procedure. The corresponding fitting lines are shown in FIG. 6, 7, 8, 9 . Numerically for H s 1
The quark, gluon and triple gluon condensate and the strange mass correction is about 13%, 12%, 0.3% and 8% of the leading perturbative term. For H s 2 we have
The quark, gluon and triple gluon condensate and the strange mass correction is about 18%, −16%, −0.2% and 19% of the leading perturbative term. For H s 3 we have
The quark, gluon and triple gluon condensate and the strange mass correction is about −10%, 10%, 0.2% and −7% of the leading perturbative term. For H s 4 we have
The quark, gluon and triple gluon condensate and the strange mass correction is about −18%, −15%, −0.2% and −18% of the leading perturbative term. We see that the strange quark mass correction is very important. The binding energy of the light component of H s i is roughly 130 MeV larger than that for H i . The continuum threshold increases by about 150 MeV. The decay constants increase typically by 25% due to the strange quark mass correction.
Summary
It is interesting to note that the central value of Λ H is much greater than that for the (0
= (0.5 ± 0.1)GeV. And the continuum starts at rather large value s 0 ≈ (4.5 ∼ 6)Λ −, 1 2 due to the presence of the dynamical gluon in H Q . The masses of heavy hybrid mesons shall be around (m b + Λ H ). If we can derive Λ H reliably, we have a good estimate of H Q mass. Especially for the bottom quark system, the 1/m Q correction is not large. This point has been the motivation of our considering heavy hybrid mesons with one heavy quark in the framework of HQET.
We want to emphasize that the uncertainty due to the dimesion six condensates render the reliable extraction of the light hybrid meson masses rather difficult. In this work we have calculated the binding energy of the heavy hybrid meson masses in the leading order of HQET with QCD sum rules. Within the present approach (1) the heavy quark mass is disentangled; (2) the four quark condensate is of higher order in α s , hence can be neglected safely; (3) the dominant power corrections are from the quark condensate and the gluon condensate, which is well known. The triple gluon condensate shall at most affect the binding energy by 10% varying its value from 0.045GeV 6 to 0.4GeV 6 . We find the 1 −+ heavy hybrid meson H 1 is the lightest one with the binding energy Λ H = (1.1 ± 0.1) GeV. With m b = 4.8GeV, we estimate the 1 −+ hybrid mass to be around (6.1 ± 0.2)GeV, where we estimate the 1/m b correction to the binding energy to be 0.2 GeV. Of course the detailed calculation of the 1/m b correction to the binding energy, the decay widths and branching ratios are vital for the experimental detection of these exotic states. Work along these lines is in progress. 
